MISSOURI
E Missouri University of Science and Technology

Scholars' Mine

International Conference on Case Historiesin ~ (1984) - First International Conference on Case
Geotechnical Engineering Histories in Geotechnical Engineering

09 May 1984, 9:00 am - 12:00 pm

Liquefaction of a Soil Deposit During an Earthquake

Shamsher Prakash
Missouri University of Science and Technology, prakash@mst.edu

M. K. Gupta
University of Roorkee, Roorkee, India

Follow this and additional works at: https://scholarsmine.mst.edu/icchge

b Part of the Geotechnical Engineering Commons

Recommended Citation

Prakash, Shamsher and Gupta, M. K., "Liquefaction of a Soil Deposit During an Earthquake" (1984).
International Conference on Case Histories in Geotechnical Engineering. 8.
https://scholarsmine.mst.edu/icchge/Ticchge/Ticchge-theme5/8

This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including
reproduction for redistribution requires the permission of the copyright holder. For more information, please
contact scholarsmine@mst.edu.


http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/icchge
https://scholarsmine.mst.edu/icchge
https://scholarsmine.mst.edu/icchge/1icchge
https://scholarsmine.mst.edu/icchge/1icchge
https://scholarsmine.mst.edu/icchge?utm_source=scholarsmine.mst.edu%2Ficchge%2F1icchge%2F1icchge-theme5%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/255?utm_source=scholarsmine.mst.edu%2Ficchge%2F1icchge%2F1icchge-theme5%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/icchge/1icchge/1icchge-theme5/8?utm_source=scholarsmine.mst.edu%2Ficchge%2F1icchge%2F1icchge-theme5%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

Liquefaction of a Soil Deposit During an Earthquake

M. K. Gupta
Professor, Earthquake Engineering Department, University of Roorkee, Roorkee, India

Shamsher Prakash
Professor in Civil Engineering, University of Missouri-Rolla (USA) and Director, Central Building
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SYNCPSIS Large number of cases have been reported where liquefactim has occurred during the
earthquake, but only in a few cases, soil report in the zones of liquefaction are available. A wide
spread damage because of liquefaction of soil deposit was observed during the Niigata Barthquake of
1964 in Japan. A very systematic study on scil exploration in the zone of liquefaction was carried
out and 1s well reported. Two sites were selected for the analysis from Mligata in the same area
(i) where heavy damage occurred (i1i) where no damage occurred. A case study was made using two
different methods having different philosophy of analysis for prediction of possibility of liquefac-
tion during an earthquake. The results of different methcds are in good agreement with the cbserved
behaviour where liquefaction was observed during the earthquake. But a wide controversy is observed
between the two methods where liquefaction did not occur. The paper presents the case study.

INTRCODUCTICN
Liquefaction of saturated sand has often. been liquefaction step by step and the earthquake is
the main cause of catastrophic damage to struc- considered to consist of suitable different nu-
tures resulting in loss of life and property. mber of cycles of different intensities of acec-
This has been amply demonstrated during many eleratins keeping the sequence of vibratioens
earthquakes especially the Niigata Earthquake of the same as in the accelerogram of the expected
19%4. Cn examination of damage during the past earthquake (Gupta 1977). The second is based on
earthquakes, it can be summarized that liquefac- the philosophy of converting the entire history
tion of foundation soil may cause (i) Small or of earthquake intc an equivalent number of cyc-
large land slides, (ii) Displacements, large se- les of an average uniform intensity of ground
ttlements, overturning and sinking of buildings motion (Seed and Idriss 1971).
and other heavy civil engineering structures
like bridge piers and abutments, harbcur facili- A case study was made for the Niigata site
ties and water towers, (iii) Cracking and slump- where wide spread liquefaction was observed
ing of embankments, (iv) Flocating up cf buried during the Niigata Earthquake of June 16, 1964
structures like wooden piles, septic and storage and where well planned soll exploration repart
tanks, sewage conduits, manholes and water mains, is also available. The study was planned to
(v) Filling up of wells and ditches with sand demonstrate the above two types of approaches.
and 1ifting of canal beds, (vi) Sinking of heavy Two locations were selected. At one location
equipment placed on such soils like automobiles the sand had liquefied while at the other loca-
and machinery, (vii) Development cf fissures and tion the sand had not liquefied. This study
sand boils through which sand and water may be shows that the first approach which considers
brought up from depths,(viii) General subsidence progressive nature has predicted the field beh-
and inundating of area from the ejected water aviour for both the places where liquefacticn
out of ground. had occurred and where it had not occurred while
the second approach could predict the behaviour
One of the important aspect of liquefactim dur- only where the sand had liquefied. The paper
ing the earthquake is the progressive developme- presents the details of the case study.
nt cf liquefaction and spreading of liquefaction
zone. Liquefaction of a soil layer in first few
cycles of ground motion would reduce the over-
burden pressure on lower layers. This may cause LIQUEFCTI ON ANALYSI S
favourable condition for liquefaction to develop
in the under lying layer in the next few cycles, Approach One

there by further reducing the overburden pressu-
re on deeper layers. In this way the liquefact-
ion may travel to sufficient deep layers during
the earthquake.

This approach involves an estimate of loss of

effectl ve overburden pressure step by step in a
progressive way, on account of increase in pore
pressure during the earthquake. The follewing

hysical phenanenon constitute the basis of
Basically two types of approachs are available p

to determine the possibility of 1iquefaction of analysin of llgquefaetion.

a site during an expected earthquéke. One cons- a) If a pressure p, is applied cn top of a colu-
iders the progressive nature of development of m of water, the water pressure is increased
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equally by Po throughout the column height.

Therefore an increase in pore water pressure
during vibrations at a depth in a saturated
soil mass causes an equdl increase in pore wat-
er pressure throughout the deposit below this
depth. This phenomenon has been observed in
the laboratory on horizontal vibration table
tests by Florin and Ivanov (1961).

b) If some pore pressures are developed in
first few cycles of ground motion at a depth,
these will be transmitted equally in all the
deeper layers and the effective overburden pre-
ssure in these deeper layers is reduced. In
the.next few cycles and under reduced effective
overburden pressure further pore water pressure
may develop in deeper layer resulting in still
further reduction in effecti ve overburden pres.
sure on still deeper layers. In this process,
if the pore water pressure becomes equal to the
initial effective over burden pressure, the
liquefaction may occure starting at some depth
and moving to deeper layers.

c) The pore water pressure developed during the
earthquake dissipate by upward movement of wat-
er, thus setting up a water flow. During this
process a hydraulic gradient is set up in the
"deposit and may develop quick conditions in the
upper layers which may not have liquefied earl-
ier. In many cases for all practical purposes
they have been seen to liquefy during this ver-
tical flow of water forming vertical pipes in
the deposit and bringing out the sand and water
mixture.

Based on this physical concept a method of ana-
lysis is developed which considers the progres-
sive nature of liquefaction development (Gupta
1977). The information required and the method
of analysis is given below.

Information Reguired for the Analysig

The following information is required for carr-
ying out the analysis.

1. Depths of alluvial deposits and their rela-
tive densisites and position of water table in
field - Depth of deposits and position of water
table can be obtained by soil exploratim at
the site and relative densities by correlating
the N value (S.P.T. test data) with relative
densi ty.

2, Effective overburden pressure with depth -
This can be computed by assuming a reasonable
value of density cr from engineering properties
obtained on sand samples in laboratory for the
purpose of this analysis.

3. Accelerogram of the anticipated earthquake-
Estimation of an appropriate accelerogram for
any site is a difficult problem. However a su-
itable accelerogram for a site can be asigned
by considering the upward propagation of shear
waves from an under lying firm base or by dire-
ctly modifying an accelerogram of a past earth-
quake if possible.

4, Laboratory data- After the relative densit-
ies and effective overburden pressure with dep-
th and accelerogram for the site are establish-
ed, the laboratory tests are required to be

performed on the sand sample obtained from the

site on a vibration table (Gupta and Prakash
1977). The tests are carried out at predaminent
frequency of the accelerogram at different rela-
tive densities estimated for field and different
dead weight surcharges. Plots of excess pcre
water pressure versus effective overburden pres-
sure for corresponding field acceleraticn and
relative densities (Dri) are obtained. These

plots'\will serve as labératory data for making
the analysis. C(ne such plot is shown in Figu-
re 1.
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Liguefaction Analysis

After obtaining the necessary infcrmati on the
analysis is performed step by step as shcwn in
¥Figure 2. The steps invclved are described
below.
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Fig. 2. Pore Water Pressure During Earthquake
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1. Mark the thickness of different strata of
different relative densities.

2. Plot the effective overburden pressure verw
sus depth as shown by line CA.

3. Consider the accelerogram to consist of su-
itable different number cf cycles of diffe-
rent intensities of accelerations as below
keeping the sequence of vibrations the same
as in the accelerogram

Acceleration Intencity a3 as a3 cecdy

n3 ...nn

4, For first set of n; cycles of acceleration
(al) the pore pressure with depth is plott-

ed with the help of corresponding laborato-
ry data i1l maximum pore pressure at a
particular depth D; is obtained. The pore

pressure below this depth Dy equals this

maximum value as explained earlier. Thus
pore pressure line in first n, cycles is

given by OAlQ._. Hence the horizontal ordi-
nate between OA and CAlcl on any particular

depth represents the effective overburden
pressure immediately after ny cycles of

attendant motion.

Number of cycles n, n,

5. Repeat step 4 for second set of number of
cycles n, of intensity as and obtained fur-

ther loss in effective overburden given by
OA202.

6. Repeat the process step by step for all the
sets of cycles finally obtaining a loss in
effeetive overburden given by CAnCn.

7. Extend A G, tomeet CA at A\. Depth to A)

has been considered to have liquefied in
this analysis.

Prediction of liquefaction possibility in field
is possible in a more rational manner in the
above analysis. This method considers the pro-
gressive failure of ground on account of lique-
faction as expected during ground shakinz. The
case of the Miigata earthquake of June 16, 196k
_\gai studied for the two locations as given
elow.

LIQUEFACTION ANALYSIS COF NIIGATA SITE

Two locations were selected for analysis from
Niigata. In location I there was heavy damage
on account of liquefaction during the earthqua-
ke which has been estimated to be of 7.5 magni-
tude at an epicentral distance of about 50 km.
Location II also lies in the same area but the-
re was a 2.7 m high dry fill. No damage occur-
red at this place.

A detailed laboratory tests on horizontal vibra
ation table were carried out on a locally avai-
lable Solani sand (Gupta 1977). The range of

grain sige of deposits ac Niigata are shown in
Figure 3., In the same figure the grajn size
distribution of Solani sand is also compared.
Since this lies fairly clcse to the Niigata
sand, laboratory data obtained on this sand may
be assumed to be reasonably applicable for the
liquefaction analysis of Niigata area.

8of-
SOLANI SAND USED

« IN PRESENT STUDY
2 eof-
'S
-
&
“ sof-
@x
> SAND [N NIIGATA

SITY(5-10m DEPTH )

N
o

g 10 7 05 .3 0.2 03 .07 .05 0.02
DIAMETER mm

Fig. 3. Grain Size Distributim

For making the liquefaction analysis of a site,
the suitable accelerogram of the expected earth-
quake is required. The ground motion developed
near the surface during an earthquake may be
attributed primarily to the upward propagation
of shear waves from an underlying firm base. If
the ground surface and the underlying rock surf-
ace are horizontal, the time wise respomse of
ground may be obtained by considering it as one
dimensional shear beam, when the base rock is
under seismic excitation (Idriss and Seed 1968).

The thickness of alluvial deposits in Niigata
area has been reported to be about 8C-16Cm above
the firm base (Kawasumi 1968). To determine a
sultable accelerogram for the Niigata site a ti-
me wlse shear beam response of the depcsit was
carried out consldering the firm base at depths
of about 80m. The ground response was determin-
ed when the firm base below was subjected to a
modifi ed Koyna earthquake duly accounted for Ma-
gnitude of Barthquake and the duration ( Gupta
1977). The ground response thus determined con-
stitute the artificial earthquake for the lique-
factlon analysis and is shewn in Figure 4. The
duration of this earthquake is about 25 seconds
and it contains about 7C cycles of motion. App-
roximately for about first 30 cycles, accelerat-
ion levels are about 10/g or more. For the next
20 cycles the accelerations are of the order of
5% gand for next 20 cycles it varies fram about.
10% to 5%g. Laboratery tests on Solani sand
(similar to NMiigata area) show that it liquefies
canpletely at acceleration level of 1Cfg or
more and maximum pore water pressure developed
is same under this condition. Therefore, if all
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the peaks of 10/ g or more are considered equi-
valent to 10X g intensity, no error in estimat-
ion of pore water pressure would be committed.

It is also shown that maximum pore pressure at:
any acceleration level may develop in about 10
-eycles (Gupta 77). Therefore without much err-
or involved,the above accelerogram may be cons-
idered to comsist of following sequence of cam-
bination of acceleration and number of cycles.

Acceleration % g 5 1C 5
Nurber of Cycles 10 10 10 1C 1C¢ 1C 10

10 16 1C 5

Analysis for Location I

The liquefaction analysis is shown in figure 5
and illustrated in table I. The effective ove-
rburden is plotted with depth in this figure.
The loss in overburden pressure is estimated
for the above combinatims of accelerations and
number of cycles step by step as explained ear-
lier. After first 10 cycles of 1C/L g i.e.
after abaut 3.6 sec., a maximum loss of 19C

g/crn2 in overburden occurs in a layer with 22%
relative density, at a depth of 2.27 metres
below the ground surface and the overburden pr-
essure on deeper layers is lost uniformly by
this amaunt, FOE' the next 10 cycles a maximum
loss of 165 g/cm® in overburden occurs in layer
with 36/ relative density at a depth of %.25m.
Thus proceeding step by step far al}l the sets
of cycles a total loss of 1C4C g/cm<é in overbu-
rden pressure takes place and an effective

overburden of 40 g;/cm2 i.e. only 3.7/ of initi-

al overburden of 1080 g/em® at 12m depth is
left. This analysls indicate that soil deposit

12 1% 16 18 20 22 % 25
sec

would liquefy to depths of abaut 11.5m during
the earthquake. The reported depth of liquefa-
ction at this site is 1Cr to 15m (Kawasumi
1968). This shows that the method proposed
above predicts the liquefaction of a soil depeo-
sit in field resonably well.
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Fig. 5. Liquefaction Analysis of Niigata Site



TABLE I, LIQUEFACTIQN ANALYSIS CF NITIGATA SITE
Acce- of Effecti- Excess Residual
Sl. lera- . Ve Over- pore p- over
No, tion °¥eles Depth yrqen ™ ressure burden
YA m g/cm® g/en® g/cm®
1 2 3 L 5 6 7
1 10 1C 1 9C 92 -
2 18C 18¢C -
L 36C 1oC 170
6 54.G 19¢C 35¢C
8 72C 190 530
1cC 90C 190 710
12 108C 19¢ 890
(Maximum pore pressure at depth 2.27m)
2 1C 10 1 - - -
2 - - -
L 170 148 22
6 350 165 185
8 53C 165 365
1C 71C 165 545
12 890 165 725
(Maximum pore pressure at depth %.25m)
3 1c 10 1 - -
P - - -
L 22 18 L
6 185 16C 25
8 365 165 20C
1cC 545 165 380G
12 725 165 56C
(Maximum pore pressure at depth 6.15m)
Ly 5 10 1 - - -
£ Ty } -
.5 -
6 25 lg 7
8 2CC 16C L4C
1¢  38C 16C 22C
12 56C 16C LCo
(Maximum pore pressure at depth 7.95m)
5 5 10 1 s - -
2 - - -
L - - -
6 7 4 3
8 40 24 16
1¢C 220 135 85
12 4+0C 135 265
(Maximum pore pressure at depth ©.75m)
6 10 10 1 - - -
2 = - -
L - - -
6 3 2 1
8 16 1c 6
1¢ 85 57 28
12 265 145 12C
(Maximum pore pressure at depth 11.35m)
7 5 10 1 - = -
2 - - -
L - - -
6 - - -
8 6 L 2
1C 28 16 12
12 120 80 L0

(Maximum pore pressure at depth 12 m)
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Analysig for Location II

liquefaction analysis for this location is shown
in Figure 6 and table II illustrates it. The

analysis shows that after the earthquake residu-
al effective overburden pressure at the level cf
the water table is about 1C8 g/cm? i.e. about >
23% of initial effective overburden of 48C g/cm

and a pore pressure of about 372 g/cm2 has built
up during the earthqiake. hen this will try to
dissipate it can cause only a small tempcrary
rise in water table and no damage is expected
because of dry soil. This result is in confirmr-
ity with the observed field behsaviour.
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Fig. 6. Liquefaction Analysis of Fill Area
TABLE IJ. LIQUEFACTICN ANALYSIS CF FILL AREA
Acce- No. of Effecti- Excess Residual
SL. lera- ' 21.¢ Depth V€ Over- pore P- over
No. tion yeie P burden ressure burden
pressure pressure
. 2 2 2
g m g/cm g/cm g/cm
L 2 3 L o [ 7
1 1c 10 3 L8C 35 Liys
2 1¢ 10 3 L5 42 43
3 1C 10 3 Lc3 L3 355
4 5 10 3 355 35 32C
5 5 1C 3 32C L¢ 28C
6 16 10 3 28C 7 213
7 5 10 3 213 1C5 1C8

APPRCACH TWO

Location I

The analysis was carried out for this lccation
with the method prcposed by Seed and Idriss
(1971) and is presented in Figure 7. This



method indicate that liquefaction may occur
upto a depth of about 16m These results are
in good agreement with the observed behaviour.
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Pig. 7. Liquefaction Analysis of Niigata Site

Location IT

The analysis for this site was also carried aut
by Seed and Idriss (1971) approach and is pres-
ented in Figure 8, where it predicts liquefact-
im to a depth of about 17n. 4hile no traces
of liquefaction were observed at this site.
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Fig. 8. Liquefaction Analysis of Fill Area
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The vibration table test (Approach one) depicte
the field behaviour to a reasonably good extent
In these tests the sample is prepared and consc
lidated under anisotropic condition similar to
field. Also the deformatd ons occur under plane
strain conditions. The methcd uging the vibrat
ion teble test data has predicted field behavic
ur for both places where liquefactli on had cccur
red and where it had not occurred. This reflec
ts sufficlent confidence in this method of anal
ysis and in the attendent vibration table tests
which are much simpler to perform and monjitor a
compared to the triaxial tests. It is impcrtan
to note that the proposed method of analysis de
termines the possibllity of liquefaction by prc
gressive failure as expected in field.

CCNCLUSI NS

1. Vibration table tests are considered to repr
esent the field conditim with sufficient degre
of confidence. These are much simpler to perfc
rm and noni tor.

2. A method has been developed for making the
analysis which considers progressive nature of
liquefaction in a more rational manner and has
been shown to be more realistic and reliable.
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